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1C20020063477 #^ '^7}: 2004/10/6 

{Metal-Insulator-Metal capacitor having high capacitance and integrated circuit chip 
having the same} 

£ 1 ^ £ 2fe #2flsl ^^-^c^^]-^^(ol«:> MIM) ?l3^AlE-1^ 

£ 3^ ^ ^Alolloll n}-^ MIM tH^^aIe-I^ ^7}S\ S.S.o]t^ , 

i 5 £ 7^ £ 4S] ello]o>-g-^ a>-§-^1-<^ ^^t!: MIM T^JiflAlEio] cf^ 

£ 9 i^^l i£ 11^ -EE 8^ ^]o]<^}^^ ^>-§-*H T^^t!: MIM 7H3il)AlEi^ 

£ 12 ^ :£ 13^ £. 3^1 ^Alc^l6)l tt^-s. MIM ?l2flAlE^# ^^*>7l m ^ ^14 

-£ 14^ ^ ^^S] ^^]c^M it)-€- MIM ?l3flAlE^^ ^7}^S.S.o]€{-, 

£ 15 ^ £ 16^ £ 14^ MIM TS^^lBil- ^€*]-7l ^ 
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1020020063477 'U^}: 2004/10/6 

i 17 ifl^l S. 19^ £ 15 ^ £ 16^1 7^11 ^ ^}-%-^}^ T^^t!: MIM 

£ 20^ m ^^1<^H1 MIM ^i^AlE-lo^ ^7}^S.I^o]t\., 

2. 21 ^ 22^ £ 205^ m ^^1<^1<^1 MIM tSs^aIe]* ^^*V7l ^ >ll2 2^1 

<^]<=>}^^<^]^. 

^ 23 £ 25^ 5. 21 ^ 22^ ^ :^]2 i]]o]o}^^ A>-g-^>o=^ MIM ^l^fl^l 

£ 26 S. 29^ £ 5«^1 S.^^ MIM ^Is^j^lBlSl ^cJ"'^^ ^^^^M ^t!: 

£ 30 ^ :£ 31^ IE 6<H1 SA]^ MIM ^IsflAlBll- ^12:^1-^ ^^sr>7l ^^S. 

iE 32^ £ 25<H1 £^1^ MIM tHbDaIe]!- ^^*>7l ^tl: ^^i^^l^f. 

112, 212, 322 : «fl^ 120, 220, 320 : 
130, 230, 330 : -^^^1^ 140, 240. 340 : 
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<2i> ^jxflAlE^^ n ^^ol] vc\-s}-A\, M0S(metal-oxide-silicon)?1sfl^lE^, pn 5^=11^1 

^sl^* ^>-g-t!:4. ^sl^ ^2^^^ o. 1-^ 

^el^ ^^ofl wH<H:^(bias) ^7]-*>5^-i: :^-^-<^l^ (depletion) ^^o] ^a^^ 

^}JL, ^<a-oi l-«y:^*>7ll s\o] ^3(|Al^>, igjto] ^;3^]-7fl -H-^ls]xi ^^cf. 

^51-^ ^, ^^7^1 ^(voltage coefficient 7^1 ^(temperature 
coefficient )7l- ^^SL^ MIM 7H4a]e17> 4*^=^ <='>^S.li ^Hl^, ^i^: -§-^ ^ 

^1^^^ ^ ^(SOC) ^-g- ;^1#<H1 ^-§-£]Ji 9X^. <^llr Iro], -R-^^ -f-^jo^ o}^^n. 
(mixed) 2LS. -§-g-«11 ^-g-S]^ o>^^ZL ^ijrflAjE^ ^E^ . nijo] ^^/i]^ -^qH(main 

process unit) ^^S^ t^I-^ (decoupl ing) , JL^s\- ^S.^ RF ^3i|)a1e1, <atiflT:1 = 

(embeded) DRAM -§-<^l MIM 7S3flAlEl7> 2^-§-S)ai ^Ti|-. 

<23> neiDfl f^Hflo] MIM ^JjflAlEi^ ^^^^ ^l^l^-^S Al 7>;<1 ^^^1^ 

^ ic#*>Jl ^i:]-. ^^fl^/M MIM 7H3JflA]E^S] c}t^3E7> IE 1(R. Liu et al . . Proc. 

IITC, 111 (2000)) ^ £. 2(M. Armacost et al . , Proc. lEDM, 157 (2000))«Hl £Al£)o1 c^x^\-, 
<24> £ 1 ^ £ 2<^lAi «-J: 10 ^ 12^ MIM T^sflAlE-l-l-, -^J: 20^ 

30^ -fr^^l^*, 40^ 50^ C/P_20^ l-s^ZL^, 

C/P_40^ €■^ l-einl-. C/H^ D/D_20^ t}^ i=f 
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tifl^^, D/D_40^ ^#^>^ ^-°>^ tifl^Jdl-. D/R^ cft.>Ai cg^^ z^-z)- 

<25> :£ 12^ MIM ^nX\B\aO)^ ^^(40)<H1 <y7>i5>7l ^^It Wfl^C 

^^(40)ol €e-i^(C/P_40)o11 ^«fl ^71^^ c^^^gcf. rcj-e^- 

l-s^ii(C/P_40)7l- ^^^^ ^^*(C/H)^^^ ^^^A] ^z^- ^ 
^(40)21 ^^^*>7ll 2^^^7]7} <H^^^Ai ^^(40)* o]^o_s, ^^m- 

c^olF t!:^-. H^cll ^^(40)^ ^^17V ^^^^q^l^ ^^(40)^ 5tf|Ei^*V7l <i1z^- 

^^^^1 ^>^^ -^-^^1^(30)01 sl-s Aiz^ ^^ofl i^^s^o^ ^-g- ;g^oii^ -B-^^im30)^l ^ 
z^-£)oi ^^(20)ol ^rf. u)-e1-Ai ^^^1b:^(30)o1 jz]-£t!r ^^<='fl ^ 

<26> i 2S] MIM 7^3flAlE](12)^ ^-f'^lS ^^(40)<^1 ^'a-* ^7>*l-7l ^ 

t^^l-^ till^(D/D_40)ol ^^(40)34 ^7l^o.^ ^q-. cq-s^-^i -^"M ^■'^V^ wfl-^d 

(D/D_40)ol ^A^€ ^-^>^ "^g^CD/R) i^>^ ^^«- 

^^(40) ^ -8-^^1^(30)^ ^^^17> ^7HH ^^Al€^7> ^:t«>^ ^^l^^^l SZ^^. 

<27> ZLSlJl, :£ 1^ MIM nn^]miO)^ ^4- . #sl^(C/P_20) ^ 

#ei^(C/P_40)7> z|z^ A^S- i 7H^ ^ai^(C/H) tflo]] 

£ 2S] MIM 7H3|lAlEKl2)^ ^-^ dt:^ ^-a-^ ^7l-*>7l ^tb Cl-^V^ 

till^(D/D_40) ^ ^^<^1 ^o^^ 9l7}t}7] ^'U ^^}^ Mfl-ti(D/D_20)ol t]- 

^ ^<=>]^ Jl 7}y^]^ cfn>Ai c^^(D/R) tfloil o]s. ^^^(c/H) ^ 

^■1^]-^ '^g^CD/R) ^^51 Ht!: -§-<^1*H7> ^r^-. a, a.^^(c/H) ^ t)-r.>Ai 
(D/R) Al ^v^5^>^ l-Hl^^q- Aiz]- ^^1- ^o]i ^^^^ ^^o] ^ 
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<28> VC^^X] ^;^ol ;^lo^ oj^o] Jl 3i|] A] MIM ^^J^I^IbIS ^ Afl^^ 

MIM ^sflAjEi^l 7m<^] 

<29> ^ ^v^o] o]^ji:7]. 7]^^ 4^1^. Jl ^3^^m^^ MIM THsflAlE-ll- ^i^s->^ ^ 

<30> ^ ^t^o] ol^JLyC> 7l#^ ^7] JL 7^311 Al^^iS^ MIM ?12|1A]E1» ^Wl^r}^ 

<31> ^7] 7]#2^ ^>^^*>7l ^^}<^, ^ u^.^ ^^_^<g^l_^^ ^, 

^}7] wfl^^ efl^t sr>-f- eil^io^ wfl>a<^m. 

<32> ^ «vt^o^ ^^.]<^]6\] rcj-s MIM ^l^rflAlE^^ 7l^ ^c>\] A^s. ^^sl^l ^-^^^ ^<a- 

olJi, ^71 ;^lll n^si\. ^<^s]jL, ^7] ^12 ail^3f ^^^j-^ t}^ -^^^]^* 7ll7Tl^H 

^7l ^^jq- ^71 m wfl^^j- ^^B->^ >^-^ ^Lf-tbcf. 
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<33> ^ ^i^oj ^Alc^jofl ic)-e. MIM ?l5iflAlEi^ ^<^^c>] <^^7}^^ , ^7] ;Hll 

<34> ^ y^^o^ ;H]3 ^Alc^lofl 14s. MIM 5^5flAlEi^ ^«y-o] ol7|.sl^ 1 Wfl^. ^^"71 >^lll 

<35> ^7] cf^ 7l#^ 5!].;^]$ ^^j*>7l ^t!: ^^]^]^^] 4€- MIM ?1 

5L^s>^ ^olcf. 

<37> ol^> ^-^-tb ^2:*><^ ^ ^^«^1 MIM T^^JflAlBl ^ n ;«fl2: «J-^<^1 ^t!" ^ 

i=f<a=*V ^efl^ ^oH, ^^1 ^ ^^Hl*^ ^ ^^S] 7flAl7> ^^^>£^ 

^1^* 7>^ ;^Hl7ll ^^^n <y:^^7l ^sfl ^l^sl^ ^«^1°1, ^ 

^^^^ '^^<^1 Sltfl ^Sl^ ^^olc^-. S^oflA^ Z]- ^ #^1-^ 2-<y^ ^ ^Tllfe ^ 

4^ 7112^=^^ ^<^lcl-. ^^^l^i €^H1 ^'U -^^fe 

<38> ^ ^1^21 MIM tH^^I^-I^ ^^«^1 ^<a-^ ^7Hl-7l ^tb W11^<^1 €^ 

4 eim^ aflAi oj^c^^;?^ o;[t:^.. 

<39> H 3^ ^ ^^^^1 75)11 ^A]c^lofl 4= MIM THsflAlE^lOO)^ ^7}s\S.^o]t[, MIM T^J^flAl 

Bl(lOO)^ Mn eim^ ^1-^ ^#:4 Mn+1 ^^^S. ^A^^cf. Mn+1 
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Mn-1 Mn+i ^ n-1 vfl^l n+1 ^^(n^ ^t^)^ 'Jfl'^f^Cinterconnenction layer)^ e^l't* 

^ wll^#<^l ^^^^^ ^21-^ ^ ^4. 

(Vdiff= I V2-V1 I )^ *>7l 
<4i> [^4)-^ 1] 

<42> Q = c Vdiff 

<44> ^, MIM ?1^AlE-1«^l A^slfe 421- Vdiff^ ^Hl-^ ^ ^4. 

<45> ^^1-^^ c^ycH] Vdiff ^ ^-^ ^'a-(vdd):3)- ^-a-^ ^Hi sfl^^cf. 

<46> £ 30^ -^7>5)^£S. S^l^ ^ 41 >^^]d\]6\] it].^ jjjj, ^HsflAlE-KlOO)^ £ 45+ 

;^ll eflojol-^^ Af-g-^Vo^ ^ o;)rf. £ 4<^lx-l 112^ ^^U ^'a-(Vi)o] 9l7}^^ ^jl 

flfl^ 2fl^^. 114^ :42 ^<a-(V2)<^l ;5ll2 Hfl^ J^ll^*. 120^ ^fl^^, 140 

<48> :£ 5^ %2:*>^. ^^(140)€- ^^(120)3|- 9X^^, 

^ ^^(120. 140) ^ A>olofl 130)0] 7]\7^^o] mim ^^sflAlEil- ^>^^*>Jl 
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$X^. -^^^I^HlSO) ^^^^o] Hll-tl(112)* ^^^(C/Hl)^ ^ 

^(140)ol ^^(Vi)ol <?17>5]^ m Bfl^(112)3|- ^#t!:cf. ^ ^^ofl^i ^-^^5]^ 
(C/Hl)^ ^>^3zf «a^Sl£^ ^^(140) ^oil ^^^^iq-. vc^^^^, ^ 

^ ^^^^ icL^AlfHa ^eflo^ MIM 7^5^AlEK3E 1 ^ £ 2 %S:)^ €-^*(C/H) 4'^>^ 
^(D/R)4^ 7fl^^o.s ^^t] q-^ ^o]!^. ^^*(C/H1)^1 -^^^1^^(130)^ ^ 

^7] nfl^ofl ^^^(C/Hl)^ cH>,^HHl7> ^cf. ttfej-A-l, ^efls] 7}^]^ 
^^*(C/H) cfpV^^l <^^(D/R) ^^^A] ^^5*1-^ ^1 §;«fll-ol 7}^^^o] pflo. 

^^(140)^ Mn+i ^11 wfl^(112)^ Mn-i 

-^S. ^^^^cf. S£, ^^(120)^ M„ ^MS^ S^f^o.^ ^^^5]j7, Bfl^(li2):2)- 

w>^^*>7lS^, >lll til|^(112) ^ >112 wfl-adU)^ ^^Sl-^ ^'g^ ^o] c^-^V 

^ ti>^z]*].c|-. nj-e^-A-l :£ 5^ ^'S£<^lA-lsq. ^ol «fl>«d(112) ^ ;H12 afl-^ 

(114)^ ^^V^^^-(105)^fl<^l ^^^^ :&^^1(Ti. T2) ^ ol» 2|-^7l7jl 

^■i-2^^H<5l*> CMP) ^«fl ^^5|-«l-<^ f'^^'?!^(105) 'a «fl 1=1:= (embedded)^ i=?-^> 

^ tiflAlo.^ ^^^^cf. ^-T^>^ (damascene) "J"'^^ <^1^> ^llS IJ-*^ 

c^]6\]A] ^Ml^] cfnl-A] aflAl^ ^o.^ ^a]^ ^cflsfif :^ol yfl^i c^^o] 

€ :^€^l(Ti. T2) ^ ^fl^ ^ wf^^oil ^^nvdio) ^ H^^KTi, T2)» ^fl^*> 
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<5i> ^^(140)^ ^-^ i^2:«-(T='i:£^i)#3i)-o^ ^'^•^ #^^s^^<Hi 



cf. ^1--^ #^^<a^^ ^1--^ ^^(140)# iLS.^}7] ^tb ^iS^^HlSO) ^ %^^^d'^^(l55)^ 



<52> ^11 Hfl^(ll2) ^ ;^12 «fl^(114)3)- cf^ Hfl-a^:?!^ ^ Mn+i ell^ oj^o^ 

<53> >^«. ^^(140)4 t}^ ^^(120)^ 371^ ^ Ol«5l?11ol/^o]l tcfs^. 7]-^ 

tS^^I^^ -frJ: 1^2^:2.3. ^-§-*l-fe ^^(140)4 ^^(120)^1 i&.a1^^^oi 

<54> :£ 6^ #S*>^, CMP^><^ Bfl'tl(112) ^ hM(114)^ ^^^^ S. 5S] 

^^^4 ^B], ^«?^^(105)^ CMP*H ^11 tifl^(112) ^ /H12 Hfl>«d(114) sfl^^ ^g^sl-^ 

^«^^(105) i^<^l <yi3flci:^Ai7^ ^^2)-^ ^s. ^4. -s}^ f^^^^ 

^Hl02) >^H1 £^^1-^ ^-^dt!: ^, <^1» ^V^ ^^^^S. 4Ei^s:>o^ ^11 «fl^(112) 

^ ^12 Bfl-aClU) Bfl^# ^H>H. #^ ^*?!^-(105)* ^11 wll^(112) ^ 

^12 Hfl^(114) afl^o^ ^^b]-(105)^ CMP ^^^-2.5. *H CMP ^^1«^H 

^11 «fl^(112) ^ ^12 Hfl^dU) ^^o] ^^^^ ^^^<^1 9X^^ t!-i=i-. 7lB}- q-Dl^l 

<55> s 7^ ^3i^^, wfl'a(112) ^ :42 Bfl>a(114)2] ^7^)7} ^o>a^ 3g^^7> 

^7114, ;5lll «fl^(112) ^ y^]2 tifl>$d(114)^ ^i^J- -t^l ^7l^ ^^<^1^^ a^<il Tl^a 

^1 ^Jl °)|2ie^^ ^o] ^-f<^l^ CMP ^-g-*>^l ^Jl MIM t^^II^Ie-I* ^^t!:i=f. 

^^l^^S., ;^ll hM(112) ^ hM(114)^ t}^ ^^^^^(102) aflB^^o]! ^^fl ^ 

afl-ti 2||€-i-olT4. iis]Ji, ^>-^ ^^(120)^ ^11 tifl'a(112)2|-^ 7^2 afl-JdClU) 
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s\- ^^^o.^ sflEi^^cf. wflAl(ii2)u2l- ^}:^ ^^(120)^ ^7]^^ ^<^o] ^ 

^^1^(130)^1 ^^fl '^l^'H^cf. S. 5^ ^^^1-1^. 

<56> 5. 8^ £. 3^ ^7}^S.S^S. K^]^ ^ m MIM 

^1-71 ^tt ^12 Ellolol.o.oic|. :^]2 Hfl^o] hz.m:^]f]7] ^€(C/H2)^ t:^ ^ 

<57> £ 8^ >5ll2 Bfl<^l<^>^^ ^>-§-*><^ ^^t!" MIM THsfl^lE-lo] ;^12 eflolo>-^o^ 

<58> s. 99 ^Ssr>^, ^>-^ ^^(120)0] :4l ^ :^]2 tifl^(112, 114)0] <a ti]] c] :e.£] o] ^ 

^^0^^(105) ^<^1 #^^^^(115) ^Hl ^^^^tzf. :J-^JL ^q^(120)^ ^ 

^ #^^S^^(115)xfl«Hl ^^^S\o] ufl^dU)^ i^#Al7l^ ^^*(C/H2)* ^^l] «fl^ 
(114)4 ^#^>^, ^^(140)ol -a-^^l^dSO) ^ x:]-^ f^^^^milS) xfl<Hl ^ 

^#(C/H1)* tifl^(112)4 ^^^cf^ ^I^^Vji^ :£ 5^ ^2:^4 -^^^W. o] 

^-f<Hl£ ^^*(C/Hl)ol -^^^m(130) ^ #^^^^(115) ifl'Hl^ ^A^slS-S <H^^B 

Hi 71- ^j-^o] oj^rl-. 

<59> £ %^2:^1-^, m tifl^(112) ^ ^12 all ^(114) SI -^^^^l ^^^oil SXS.^ 

^}7] ^^c^ €^^^^^(105)^ CMP^}<^ m wfl^(112) ^ :^12 afl^du)^ ^^^^ 
'?!^Hl05)ifl'^l ^iillcl:E.Al^Cl-^ ^oll>H^ £ 94 cl-ejl i-fnl^l ^2:^ -^^^V^. 
<60> i£ ^2:^1-^, ;*lll yll^(112) ^ till^(114)* sflE-1^^ ^ CMP^^* ^-§-*>^l 

^jL 7]^ ^^o\] 4^ f-^^^^Ciis)-!- ^^Jtv '=^2is]-^ ^<=>\]^^'^ 94 4^^1 
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£ 12 ^ i 13^ IE 3^ -^7>5lSi^ S.^]^ ^ ^^3] ^Alc^ofl j^iflA] 
E-l 1- ^^^1-71 ^tlr ^13 ^ ^14 eHoloV^^oliq.. 2|]^o] tyx^c^ sfl^ol o>qe|- 

i=l-^7l]Sl 3fl^(C/Hl'. C/H2')o.s. ^>^^S]o1 ojcffe ^6\]X] ^ ;5fl2 ellolo>-g-4 7^} 

:£ 14^ ^ ^^^^ ;^12 ^^l<^lofl ic)-^ MIM 7S3f|AlEK200)^ ^7]-2lS-£oli::f . MIM T^sflAl 
Bl(200)^ Mn Mn+i ^^^S. Mn+i sflt^ €^ 

<H1^ Mn ^^^^ Mn-i B^l^i^ Ufl-a^ ^«fl ^11 ^'a-(Vi)'^l 9l7}^^. 

Mn Sll'i^ ^^<^1^ Mx ell'i(<^7lAi X > n+1)^ Wfl^^ -^^rfl ;^l2 ^^^-(¥2)^! '^7}^V^. 

i 14^ ^7>^^£S K^]^ ^ ^^$] ^^]o\]d\] a)-^ MIM ^n^]BH200)^ S. 15 
:£ 1634 ^11 ;^12 eflolo}-^^ A>^3:>oi ^ o;^cf. £ 212fe 

^<a-(Vi)ol 917}^^ ;^ll HflAl 220^ 3rfl^^, 240^ n^^. 

C/Hl^ tifl^* h^^^]f]7] ^tb 3xfl^^, C/H3^ 3r>-^ i^#^l7l7l ^tl: §^ 

^cfl2|-^>7l ^tt ell«^1«^>^<^m. 3jfl^(220)ol A>2^- <q«-oil n-l 

^U]^1-J1 3r>«- i^#A]7l7l 2fl^(C/H3)ol ##^0)1 Bll<i€cf^ ^<H1 ^<^^i 

^11 efl<^l^>^4 ^* ^ ^^^] 7l^^ol Wfll^ i 12 ^ £ 132]- ii>:5>7]- 

^IS, 3ll€-i-(C/H2, C/H3)ol T:f^7l]3l ^^^S. ^^^^ ^ l-^-^^lcf. 

^12 ^Al<^l# ^^;5r>7l ^tt ^11 S£^ >fl2 eflol<i>:^^ S. 15 i£ 16^ >««>-§-*H ^ 
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i 17^ ^^(240)^ ^^(220)4 n^]^'^ , 

^>-¥- ^ ^^(220. 240) ^ A>o]oil -^^^1^(230)<^1 7^7-^^ MIM tSsHaIe^I- ^^^^>ji 

9X^. ^11 ^'?]-(Vi)ol <^7}s\^ Hfl^(212)^ ^^-^ i^#Al7l^ ^^*(C/H1)^ 
^q-(240)ol till ^(212)4 ^^(240)^ M„+i ^^.^ 

^11 Hfl^(212)^ Mn-i ^^^o^S. ^A^^tf. a, ^^(220)^ Mn 

^ ^1-^ f^^^^^(255, 250) ^ -^-^^1^(230) ^fl«^l ^^^Sl^H 

(220)^ ^1-^* s^^(C/H3)^ ofl^^f^ l-ei:i(C/P_220)l- ^«fl >ll2 

^'a-(V2)* tl7H>7l ^*!: ^i-^s] ;^12 «fl'tl(Mx)(T^lS.^l)^ ^^tbrf. <^lsq- ^<^1 
(220)^ #5lii(C/P_220)» -i-^fl «?i^*>t:-1e}£ -o^^^n^-o^ ^^^e>7l ^ ^ 

7l#^ 4^11- ^A^^ - ojcf. 
£ 18^ ;^ll till'a(212)^ ^^o] 9X^^ t}7] ^^^-^^^ 

(205)^ CMP^l-^^ >Hll «ll^(212)ol ^^s\-% #^^<?^^(205) xfl<^l ^yafli^lJBSlJt^ ^ 
, S. 19^ t}^ #^^^^202) ^ofl till ^(212) J^^^ ^^^^ ^. CMP^^^ ^-g-*W 

f^^^^m215)oll ^«ll ^11 till^(212)4 s:!-:^ ^^(220)* ^^^1^ ^^i^l-^ ^<Hl 

A-^nv 2^2^ i 4^Ji ^s-i-^ -^^^>4. 

£ 20^ ^ ^^9] ;^13 ^aHHI cc|.s. MIM tHi^aIeI (300)^ ^7>s^S.i£olcj.. MIM ^^^] 
BK300)^ Mn ell Si Mn+i ^^^S. ^^^^4. Mn+i 211 €4 

€^4 ^'U Mn eim^ till^* m ^'a-(Vi)ol <?! 71-^4. Mn 511^^ ^1- 

Mx efl'i(<^7lA-] X > n+1)^ BflAi^ :f-§ll ^l2 ^<a-(V2)<^l ^7>^14. 
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£ 20^1 ^7>S)S.£S. a^l^ ^ ^'^^ ^13 ^-^l*^!-^! MIM 5H3llAlEi(300)^ £ 21 

lE^ S. 22^ m SE^ ^]2 ^]o]o}^^ ^>^*><^ ^ $X^. S. 2lo\]^^ 320^ 

341^^, 322^ ;*lll €^(Vi)ol <?I7V5]^ ;^ll wfl^ 34)li#, 340^ ^q- ^^011*. C/Hl 

^ ^11 Hfl^* iL#Al7l7l ^t!: C/H2^ ^1-^ ii#Alfl7] ^^1- 

2^^>7l ^tb 511<^l<^>:^<^li=f. Bfl^(220)ol A>zl- cg^ $]^6\] c-] ^ 

^11 efl^l-^}:^^ 4# 1^ 7l^^o] Hflcg^ ^^^m. £ 12 ^ £ ISsf t'>^71- 

^IS, 3|)^#(C/H2, C/H3)ol cf^7ll^ ^€#5. ^ $1^^ l-^-olnf. 

^13 ^«*>7l ^tb ^11 Hfe ^12 511<^1^>^^ ^21 Sl 22» A>-g-^H 

^tb MIM TS^fl-^lE-l^q ;^12 ell ^1 <il-:g-2^ D-D'^^ ;^]-g- £. 
23 ifl^l £ 25^ cf<y:^ ^Efll- ^ oj4^ 

:£ 23# ^3:sr>Ta, ^^(340)^ ^^(320)21- Hfl^lsl<H SX^^ . 

^ ^^(320, 340) ^ A>oloil -^^^]n]-(33o)ol 7fl7l]£]o1 MIM TSSflAlE]* 

9X^. -R-^^]^(330) ^^^^o] afl^(322)* i^^^l^l^ ^^^(C/Hl)^ -f-sfl ^v«. ^ 

■^(340)<5l m ^'a-(Vi)ol ^7>S1^ ;^ll HflAl (322)511- ^^(340)^ M„+i ^j'i^ 

S.^^o^S. ^^^slJi ;^ll till'«d(322)^ Mn ell'i^ ^^^€4. ^^(320) 

Mn efl'i^ S^f^o.^ ^^^^q-. li^:iL, #11:^^^(355. 350) ^ -^^^1^330) ifl^il 
^ ^^(320)S] >^^^ ^^^(C/H3)^ '^fl^^V^ l-&in(C/P_320)l- ^ 

«11 ^12 ^<a-(V2)* ^7>^>7l ^^S] ^]2 afl>a(Mx)(i^l£^l)5!l- <a;i^ii}-. 
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<7i> M}^2;\^].y]s.^^ ^^-(320) ^ ;^ll HflAi(322)^ ^^^^ ^^^<^1 ^ 

o] ^^V^ 2|^S).2.^oflA:| tif^^^fcf. icj-HfA^ IE 2321 ^iSicHlA^<4 ^o] ^l-y- ^^(320) ^ 
^11 wfl'Jd(322)^ ^<?!^(305)^<^1 ^^^^ H^^KTb, T2) ifl<^l S^^-i: ^ CMP ^^<Hl 

T2)^ ^ w>^^<=>11 ^^^^ ^J-^ ^^^(310) ^ B^^KTb, T2)» ^ll^^fe ^^^^ :£ 

^B]-(3ll)o.^ ol^o^^rl-. ti))^(322)4 cf^ wfl^^^^l ^:^] ^ Mn+i ellt 

tiflAl ^^^^ xfl^o. 2^ ol^5l^lo]^ofl U^B} ^^^cf. 

<72> J£ 24# ^^^>iS. ^^(320) ^ ;^ll Hfl^ (322)0] t}^ ^^^«?1^(302) 

^yjl, CMP«H1 f^^^S^ ^^(305)1^ <H1 ^«fli^:^^ ^<^1>H^ £ 232)- x:fs 

<73> £ 25» ^^s^V'S. ^1--?- #^^<a^(302) ^^^^ ^^(320) ^ 

^11 till^(322) sfl^Sl :^^17> -e-^^l^i-(330) ^^(320)3|- «fl^ 

(322) 2llli2] ^7l^ol ^9^0] OSP^] ^«a^(305)^ >S^^>Jl 

MIM ^3|]AlE-ll- ^£ 

<74> ojgr]- £ 26 £ 291- ^^^l-<^ ^ -^^l-^Hl MIM 7l3rt)AlE^# ^^*> 

<75> T^i^-], i 26sq- ^o], ^}:^6\] Mn_2 till^#(^l£^l)^ T^wl^>^ 7l:&(Dl£Al) ^6\] 

^^^^ ^<a5l-(i05) vfl<^l ^11 ^ ;H12 wflAio] ^A^^ c^^^ ^^^^V^ :S^^l#(Ti, T2)^ 

^^^^ ^11 ^ ^12 H^^KTi. T 2)^ wV^'Hl ^^n^dlO* ^^Jtbi^l-. 
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(110) -^S ^^1^^^. ^^1^^ ^^1^^ n^^^ ^ <^1#^ S^^^S. oj^ol^ 

TiSiNBi-, WN^, WSiN^-^ ^}-%-^ ^ 9X^. ^^B^-(iio)^ ^^<^>H >lll ^ ^12 

^Vcf. ojo^A-l, ^j-^n|(iio)ol ^^^^ ^11 ^ ;^12 H^^KTi. T2)* ^^^1 "fl^*>^ 

(111) . <^lStfl ^^^^ ^^^tb^l-. :£^^-2.S.^ #^5. ^vi}^ ^^^] 

<76> ^e)(Cu)^^ ^^^^m ^-^i <^1^ *«H ^^tlrcf. ^J-^^(110)ol ^ 

^11 ^ ^12 H^^KTi. T2)^ laV^-oi] Cu ^^Xseed)^* ^^^tlrt:]-. q-^<^]l , ;^ll 

^ >«112 :^^^l(Ti, T2)l- i^fl^^V^ Cu^(lll)^ ^71 iE^(electroplating)^<Hl 

<77> olo^A-^ £ 273)- ^o]^ ^^H^(105)^ ^^o] 

(110)^ CMPS ^ft^flrt:]-. ^ ^32|- Mn-i efl^^ ^^^^jo^ ^^j- 
7> ^11 till^(112) ^ n^au)o] ^A^^ci-. 

<78> ^^l^efl^i, Mn ^^n-i 7l:&^Ta<Hl ^ ^V^ ^4 all 

Bl^^l-c^ ^>-^ ^^(120)^ ^-^jt!:^. ^^(120)<51 ^12 afl^i (114)32]. 2i^;^o.^ ^#s:>E. 

^ m^^^^. ^•^(120)-§- £^B]-o.s.^ sf-tl-^ ^ 

^ S^^^S. o]^<^^ ^o.s^Ei o^i^ ^>uf^ 4. o;[i4, ojl^itfl, Al^. Ta^, 

TaN^^, TaSiN^, TiNs]", TiSiN^-, WN^, WSiN^ ^ oll-^ S^^*^! ^>-§-€ ^ Xi^^. Si^i 

^^tb Cu^ SE^ Cu^^^^ ol^o^^ ^^^^o] A>-g-^ oj 
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cf. ^M^, Ta^^- Cn^2\ o]^^^ TaN^4 Cu^s^ ^W^, Ta^, TaN^4 Cu^^ 
Tim, AlCu^^ ^ TiN^^ ^^B^o-S. o]=.ol^ S^^ol A>-g-^ ^ ojic^-. 
<79> ol<:>lAi, £ 28<H1 S.^]S\o] vi}^ :y-ol, ^>«. ^^(i20)ol ^^^S\o] 

-B-^^l^(130)* ^^^^ ^. -H-^^imiSO)^ n^^^<^ m tifl^(112)^ ^ 
^#(C/H1)^ ^^^W. -^^^l^i-dSO)^ MIM ?l3flAlE-io^ ^sflAl^^^l- *^^^X\^]7M ^^tb 

SixNy^ , SixCy^. SixOyNz^, SixOyCz^, Al^Oy^. Hf^Oy^, TaxOy^ ^* <A]S. -i- ^ 9X^. 
^>-¥- 120)0] Cu ^^^^ ^^^]^ SixNy^^, SixCy^^ ^"^^ -^"51-^ 

32]- 3^^^ ol^B]-o.s ^^J^m ^^1 w>^3j^>r:l-. c:^]!- #0], -B-^^l^(130)-2-S.Ai SixNy^i-s)- 
SixOyCz^^^ ojf^^, SixNy^^ TEOS^-s^ ol^n^.^ SixNy^s). PEOX^-s] ol^B^-, SixCY^:^ 
SixOyCz^l-^ ^1^^, SixCy^s]- TEOS^^ '=>W^. SixCy^^^ PEOX^^ o]^^ ^^S. 

^ 9X^. ^1^^^. -^^s]-^ SixNy^^sf ^51-^51 o]^ny SixCy^^sz]- ^^r^e^-o^ o]^^ 

<8l> 2] 
<82> C= e x{A / d} 
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(A)^ ^711 5r>^ A>olo^ ^>^(d)^ 1^711 ^ -^^#(e)^l €• -H-^^* 

^^o] ^i-^7> 3.9^ SiOz^'U °fl^ 345A^ ^^^IS. ^^j^VJl, A>-g-^>^ ^^o] 

^ ^^71- 7.591 SixNy^^ cfl^ 664A^ ^^^^ ^^^]^d^7} 

1.0fF/jtfln27> ^nf. 

^■^^ ^^^s sflE-i^^H ^11 tiil^(ii2)5f ^^^(c/HD* 

^•^(140)# ^^^ttcf. *>-^ ^^(120)-g- AV-g-^ o^i^ ^^]^S. ^-^ 

(140)-g- S^B^-o.^ A>-g-^ ^ o;^cf. 
<87> 0]:^ i 29^ ^o], ^V«. ^^(140)# ^S.^}7] ^^^^(150)^ ^^^155)^ 

^V^ltflS ^A^t!-^-. ?^^^(150)3|- ^^^(155)-2.S.^ TEOS^. PEOXn, SixOyCz^^, SixOy 
Fz^, SE^ SixNy ^ -^^ ^^^^1=1-. ;^ll flll^(112) ^ ^12 till Ai( 114)32)- cf^ tiflAl^;^o^ 
^^1 ^ Mn+i 5)1^ ol^o^ afl^ ^ o]S.^^]o]^6\] icj-El- ^^^^cf. 

<88> £ 30 vfl;^l £ 31^ ^ ^^]c^M MIM ?l2flAlEll. ^^3rl-7l ^ ^ll 

<5l<^>^^ £ 4* A>-g-§)-«5^ £. 6011 lE^l^a MIM THaflAlEl* >^ll2:*>^ ^^*l-7l 
-£1:^14. 
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<89> ^7^, S. 304 ^^1. ^>-^ #^^<^^-(102) Mn-i efl^^ i^^* ^^^tt ^. -i-^ 

^ A].^ ^^-9.^ ^Bl^^H ^11 wll^(112) ^ ^12 tifl^dU)* ^^^W. <^l<^Ai ^11 

wfl^ ^ ^12 1311^(112, 114)* ^9l^]^]7] ^tb #^^^^(105)* 

<90> ojo^A-l £ 313\. ^o]^ ^ ;^12 Hfl^(112. 114)^ CMP 

^A]sl-c.^ ^7]^^ o.^ ;^ll ^ >5fl2 afl^(112, 114)* ^^^tb^-. 

<9i> ol:^i :£ 27 i^^l S. 291- ^^^><^ ^^tt MIM ^^^W 

<92> £ 7. £ 9 ifl^l £ 11, IE 17 -£ 19 ^ S.23 ^ :£ 24S^ 7>^1^ MIM 

<93> ol^> s. 32« ^S§><:«^ £ 25<H1 3EAlS)<>| ^ ^^S^ >113 ^Alc^lofl re)-^ MIM t^^^^I 

<94> 5]-^ #^^«a^(302) Mn -£^^* ^^^tb ^, ^^3] -iiz]- 

3flEl^i5r>(^ ^^(320) ^ >lll tifl'a(322) 3!fl^* ^^l^'^^i. -^^^1^330)* 

^, ^Ei^^H ^11 tifl^(322)* ^^*(C/H1)* ^ 

^-£^1 ^o^o] x^<^^Hl7fl T4<y=*V7fl ^*S^H S 25^1- 

^2:21 MIM 7S2fl>«>lBl# ^^^tbcf. 
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o]^^ ^^^U-^ ^ Ij-^ ^ ^^^^ 7l^a^ ifloflA-l ^ :^^Vo^ p^l^^ 

*>-^ ellt^ wfl^oicf. ziBi^S, ^^<^1 ^7H>7l wfl 

^^T^lfe ^2fl^ ^^l^o] e^^o.^ ^^1=1-. i^el-A-^, o.^^|^.o^ -^]^ -e-^^l^^ 
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[^J^-t 1] 
^12 wflAl; 

^11 ^ ^12 «flAi:e.4 fe^ ell^^^lJl. ^7] ;^ll afl^iail. ^7] ;^12 Hfl^jz}- 

i^^^^^ 2] 
I^^^J- 3] 

^11 ^12 ^7l ^ ;^12 Hfl^^ ^-i- ^ 

41 

^13 «J-<^1 ^71 ^11 ^ ;*112 «fl^^ 
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^7] 7]^ H^^l^ w>^-ofl 

n -1 -I » 

^7] ^J-^ ^^B^- ^ofl ^^^£)0l ^7] ^fl^*>^ ^^^^ i^*>^ 

^a-^^ll ^^^^ ^<^1 ^^l*>:a. ^^71 %^^^<^n 3§ 

6] 

^12 ^ch'^l 

^7] ^ ;^12 Hfl^^ ^7] 7m >a-*Hl ^1--^ #^^<a^^<=^l ^^^^ wfl^ 

7] 

^11 ^7l ^ ;H12 Mfl^^ 
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^7] 7]^ ^H] ^ofl H^^l^^ ifl^j!)- w>q-oil ^a-^ 

n — I — 1 » 

^^■71 ^^j5)ol ^7] H^^ll- ^^^^ i^^m 

^#*>^, 

^71 ^7] Cf^- f-^^^a^ ^ ^7] t}^ ^oll 

# lc#Al7l^ -^^ ^71 ^^^^ ^^-2.^ *m ^^-^<?^^1-^^ 

^11 ^^^i, 

^1-71 Till ^ 7^]2 Hfl-a^ 7l^ >^oll ^A^^ f-^LV^-^^l- ^<^1 ^^l^>i, ^7] 

^7] >S-7l #^^<?!^ ^ ^71 ^oll ^^^S|JI, 
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^11 9X^^^, 

^oM ;Hll ^ ^12 Hfl^^ -^Hl ^^^^ ^^1 afl^ 

^^7l ^7] Hfl^a 3^^#<^1 ^^^^ 71^ ^ig<Hl ^^^^ #:?>^^^- ^<^1 ^ 

^7l -^^^1^^ f^^^<d^ ^ ^^-71 ^<^1 ^^^SlJl, 

#^i7i^ -i-^ ;^ii tiflAijz). ^#^>^ ^^-^<?i^i-^^ 

10] 

^11 ^•y-'^l ^71-si^ ;^ii Hii>«d; 

^11 Hfl^-ticf efl^o]^, ^11 «fl^^ ^^^^ ^ 
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m^^^ 111 

^110 ^^<^] ^1-71 -R-^^m^ ^7] ^11 yfl^ ^^3]. ^7] ^^-i: g 

— ^ — f 

sjo^ -3-71 *>-^ i-^Ai7i^ m ^-a-*^! ^7>£ic^ >a-7i ^^^^ ^ 

12] 

;^110 ^111 %H1 ^^^i, ^oM Hfl^o] ^VTg^ ^EJ-SJ.^ ig^o] ^^lo. 

[^^^J- 13] 

^112 *J-<H1 ^O^A-l, ^V7l ^11 Hfl^^ 

^1-71 7]% ^Hl ^^^^ #1!:^^^ H^^l^ wVEi-cH] ^^^^ 

^J-^ ^^nT- o^d] ^A^S]ol B^^l* nfl^^>^ ^^2?-^ S.^^^ i^*>^ 

14] 

^112 ^7] ;«1U Bfl^^ 
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^o\] ^A^^ ^].«. ^^^<^^ ^o\] ^^1*>J7, ^7] %:^^<^n ^ 

I^^^J- 15] 
^110 

^>7] :4l wflAl ^A^^ ^}:^ ^:<i^<^^i-^Hl ^^^^ wfl^ 

^1-71 ^71 #^^<?^^1- ^ ^1-71 ^>-f- ^oil ^^^SlJl. 

^o] Aj.7] ,^^^17]^ 42 ^<a-oi <y7>5iD^ >^v7i ^^^q. ^ 

16] 

^11 ^7}-:^^ ;Hll tifl^; 

^7] 41 tiflAHji)- ^o^S)ol o;to.c^, ^7] 41 afl^ui)- :^<y efl^o] t}^ ^^-^ ^ 
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[^^«J- 17] 

^. 

18] 

[^^^^ 19] 

^118 «j-<Hl S!X<^^^, m wfl^ ^ ^71 

^y] y]^ ^<=^] f^^^<a^ ^<^1 B^^l^ tfl^^ wl-s^-<Hl ^J-^ 

X2 y >^ 

^7l ^J-^ -^^B^- ^ofl ^^^£|cH ^B^^m ^itSl-^ iiLf-^m 
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201 

^118 ^^^i, ^7] m H)l^ ^ ^7] 

^^7] 7]^ -^ofl ^A^^ ^^^9^^ ^oll ^^1^>J1, ^7] ^^^V^"^^ ^ 

[^^^•t 21] 

^116 *oHl ^lol^i, ^1-71 ^11 Hfl^i ^ ^71 ^7] 7]% ^Vofl ^^^^ ^>«. ^ 

^«fl ;^fll ufl^a^ ^#^>^, 

^7] ^*fl ^12 ^<a-ol ol7>£]T3^ ^7] ^^^4 ^ 

[^Jn^^ 22] 
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